Nephrogenic metaplasia of the bladder and urethra has been the subject of extensive studies in recent years. However, information about ureteral involvement is still limited because of the rarity of the lesion. We described four cases of nephrogenic metaplasia of the ureter. They occurred in two men and two women whose ages ranged from 46 to 69 years. Three patients had stones, and one had multiple episodes of cystitis and chronic pyelonephritis. The lesions led to ureteral obstruction that in two patients was radiographically suspicious for carcinoma. Microscopically, three lesions were composed of tiny mucin-containing microcysts and medium-sized tubular structures lined by cuboidal cells that showed cytologic atypia characterized by enlarged vesicular nuclei and prominent nucleoli. However, there were no mitotic figures. Two lesions invaded the full thickness of the wall of the ureter and exhibited an infiltrative growth pattern highlighted by cytokeratin stains. The remaining two lesions were confined to the lamina propria. The cells of nephrogenic metaplasia were immunoreactive to cytokeratin 7 and AE1-AE3. They lacked reactivity for monoclonal and polyclonal CEA and p53. The MIB-1-labeling index was <5%. The cytologic atypia and infiltrative growth pattern of ureteral nephrogenic metaplasia should not be misinterpreted as evidence of malignancy. All four patients are alive and symptom free 8 months to 7 years after diagnosis.
Nephrogenic metaplasia, a reactive urothelial lesion composed predominantly of tubular structures superficially resembling renal tubules, usually occurs in association with chronic inflammation induced by chronic irritation or trauma to the urothelium (1) (2) (3) (4) . The lesion has also been reported in renal transplant recipients (6, 7) . The reactive and metaplastic nature of the lesion is supported by its frequent occurrence with prior trauma to the urothelium and occasional coexistence with intestinal metaplasia (cystitis glandularis) and endocervicosis (4) . Most commonly observed in the urinary bladder, nephrogenic metaplasia can be confused with adenocarcinoma, especially in small biopsy specimens (8 -11) . Less frequently, it has been reported in the prostatic urethra, where it may extend into the prostate and also simulate adenocarcinoma (12, 13) . It has been estimated that 4% of cases of nephrogenic metaplasia occur in the ureter (2) . However, the clinical, pathological, and immunohistochemical features of this lesion have not been described in detail. Information about nephrogenic metaplasia of the ureters is based primarily on case reports (14 -21). We describe four adult patients with nephrogenic metaplasia that led to ureteral obstruction, which in two patients simulated a malignant tumor radiographically.
Case 1
A 62-year-old, black, diabetic woman presented with right ureteral stricture caused by complications from a stone removed endoscopically 11 years before admission. At that time, she was treated with an indwelling stent. The stent became calcified and had to be removed. However, no adequate drainage was obtained, and she underwent a percutaneous nephrostomy tube placement. An intravenous pyelogram showed that the ureteral stricture persisted and was suspicious for neoplasm ( Fig. 1 ). An ileoureter was created with partial ureterectomy performed 11 years after the endoscopic removal of the stone. The patient is asymptomatic 8 months after surgical treatment.
Case 2
A 47-year-old man presented with a 6-year history of right renal colic, nephrolithiasis, pyelonephritis, microscopic hematuria, and an incarcerated stone in the upper portion of the right ureter. There was moderate to severe hydronephrosis. After excluding a diagnosis of hyperparathyroidism, a right nephrectomy with resection of the upper segment of the ureter was performed. The patient has remained disease free 2 years after nephrectomy.
Case 3
A 46-year-old woman presented with severe left flank pain. She had a history of multiple episodes of cystitis and pyelonephritis treated with antibiotics 5 years earlier. She remained asymptomatic until 7 months before admission, when she began to have left lumbar pain. An intravenous pyelogram showed a proximal left ureteral obstruction about 3 cm from the ureteropelvic junction, with minimal hydronephrosis. A proximal segmental resection of the left ureter was performed. The patient is symptom free 5 years after resection.
Case 4
A 69-year-old man presented with right flank pain and microscopic hematuria. An intravenous pyelogram showed an irregular obstruction of the midportion of the right ureter, with proximal dilatation. These findings raised the possibility of a neoplasm or stone and were confirmed by computed tomography. Because only a portion of stone was removed endoscopically, a segmental resection of the midportion of the ureter was performed. The patient is asymptomatic 7 years after resection.
Gross Pathology
Grossly the segments of ureters revealed small, ill-defined nodular or polypoid lesions partially or completely obstructing the lumen. On sectioning, the lesions were fleshy and firm and with a heterogenous cut surface.
MATERIALS AND METHODS
The four cases of ureteral nephrogenic metaplasia that form the basis of this study were retrieved from the surgical pathology files of the University of Texas Southwestern Medical Center and the consultation files of one of the authors (JAS).
Sections of the ureteral lesions were fixed in 10% buffered formalin and embedded in paraffin. Hematoxylin and eosin-stained sections were examined. Additional sections were obtained from the paraffin blocks for immunohistochemical stains that were performed on a Biotek Solutions Tech Mate 1000 automated immunostainer (Tucson, AZ) using the standard avidin-biotin peroxidase technique. The following antibodies were used: cytokeratins AE1-AE3, dilution 1:100, cytokeratin 7, dilution 1:100 (Biogenex, San Ramon, CA); carcinoembryonic antigen (CEA), monoclonal, dilution 1:200 (DAKO, Carpinteria, CA); carcinoembryonic antigen polyclonal, dilution 1:400 (DAKO); MIB-1, dilution 1:100 (DAKO); p53, dilution 1:50, (DAKO). Positive and negative controls were included in each assay.
Microscopic Pathology
The microscopic features were essentially similar in all four cases. There was almost complete obliteration of the lumen by a small, poorly demarcated lesion that in two cases infiltrated the full thickness of the wall of the ureters (Fig. 2) . The remaining two lesions were confined to the lamina propria. Microcystic structures containing mucin and mediumsized tubular structures predominated in three cases (Fig. 3) . The microcysts were surrounded by a thickened eosinophilic basement membrane. Both the microcysts and the tubules were lined by cuboidal cells. About 10 to 15% of these cells had large nuclei and prominent nucleoli (Fig. 4) . Most microcysts and medium-sized tubular structures, however, were lined by cuboidal cells with small inconspicuous nucleoli. Long, solid tubules and large, cystically dilated structures lined by flattened or cuboidal hobnail cells were seen in one case (Figs. 5 and 6 ). There were no papillary structures, clear cells, or mitotic figures in any of the cases. Admixed with the tubular structures and microcysts were also inflammatory cells, predominantly lymphocytes.
The four cases displayed immunoreactivity for cytokeratins 7 and AE1/AE3. The cytokeratin stains highlighted the infiltrative growth pattern of two lesions (Fig. 7) . Both monoclonal and polyclonal CEA stains were negative. The MIB-I labeling index was Ͻ5%. Likewise, nuclear p53 protein accumulation was seen in Ͻ5% of the cells of nephrogenic metaplasia and was interpreted as negative.
DISCUSSION
Nephrogenic metaplasia of urinary bladder has been extensively studied, but limited information is available about ureteral involvement, due primarily to the rarity of the lesion. It has been estimated that approximately 55% of cases of nephrogenic metaplasia involve the urinary bladder; 41%, the urethra; and only 4%, the ureter (2). Ureteral involvement has been described in relatively large series of nephrogenic metaplasia of the urologic tract but little information about the clinical and pathological features of the ureteral lesion is provided (1, 2) . In a series of 70 patients with nephrogenic metaplasia of the urologic tract, five of seven ureteral lesions were incidental findings (5).
We report here on four patients with symptomatic nephrogenic metaplasia that led to unilateral ureteral obstruction that in two cases simulated carcinoma radiographically. The radiographic resemblance of ureteral nephrogenic metaplasia to cancer has been noted by others (18) . Three patients had ureteral stones, one of which was removed endoscopically 11 years before the diagnosis of nephrogenic metaplasia. The fourth patient had multiple episodes of cystitis and pyelonephritis. These clinical features support the belief that chronic inflammation caused by surgical trauma or calculi is the most common etiologic factor. In fact, inflammatory cells are a constant finding in ureteral nephrogenic metaplasia. In contrast to nephrogenic metaplasia of the bladder, which predominates in adult males, symptomatic ureteral nephrogenic metaplasia is as common in females as in males (14 -21) . A 7-year-old male child with nephrogenic metaplasia caused by low ureteral strictures and urinary tract infection has been reported (17) .
The histologic features of nephrogenic metaplasia of the ureter are similar to those of the bladder and urethra. Tubular and microcystic patterns are the most common, whereas papillary structures have been described only once in the ureter (20) .
Several histologic features identified in the present study are worth mentioning because of the potential for confusion with clear cell adenocarcinoma or signet ring cell adenocarcinoma. Three of our cases showed focal cytologic atypia characterized by enlarged vesicular nuclei with prominent nucleoli. The term atypical nephrogenic metaplasia has been employed by Cheng et al. (11) for bladder lesions showing cytologic atypia and enlarged nucleoli but that have no clinical significance. We agree with those who believe that focal nuclear enlargement and prominent nucleoli are part of the morphologic spectrum of conventional nephrogenic metaplasia. Two lesions infiltrated the full thickness of the wall of the ureter, as described elsewhere (16) . This infiltrative pattern, together with the presence of tiny microcysts containing mucin that resemble signet ring cells, may be misinterpreted as carcinoma. However, careful analysis allows identification of the tiny microcysts and exclusion of signet-ring cells. Moreover, no clear cells, papillary structures, or mitotic figures were noted in any of the four cases of nephrogenic metaplasia involving the ureter. To our knowledge, clear cell and signet ring cell adenocarcinomas have not been described in the ureter. In the bladder and urethra, these tumors are larger and show considerable cytologic atypia, mitotic figures, and foci of necrosis. Moreover, in contrast to clear cell carcinoma, all cases of ureteral nephrogenic metaplasia were p53 negative and showed a very low MIB-1 labeling index (Ͻ5%). These immunohistochemical findings are similar to those of Gilcrease et al. (9) , who compared clear cell adenocarcinoma and nephrogenic metaplasia of the urethra and bladder and found that a high MIB-1 labeling index and Nephrogenic metaplasia of the bladder may coexist with urothelial carcinoma and adenocarcinoma (5, 6) ; raising the possibility of malignant transformation. However, there is no evidence that this metaplastic lesion has malignant potential, despite the unexpected finding of similar cytogenetic abnormalities in both nephrogenic metaplasia and urothelial carcinoma (5) . Other studies, however, have shown that nephrogenic metaplasia is usually a diploid lesion and that only rarely is the lesion aneuploid (11). Follow-up of patients with conventional and atypical nephrogenic metaplasia has shown that the lesion does not progress to carcinoma (11) . All of our patients have remained asymptomatic 8 months to 7 years after surgical treatment, providing additional support for a benign clinical course of the lesion.
In conclusion, nephrogenic metaplasia of the ureter is often associated with incarcerated stones and chronic inflammation. The lesion usually leads to ureteral obstruction and may simulate carcinoma radiographically; it also may show both an infiltrative pattern and focal cytologic atypia. Pathologists should be aware of the morphologic features of nephrogenic metaplasia of the ureter to prevent overdiagnosis of cancer. 
